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1. Introduction 
Several functions have been proposed for carnitine 
@-hydroxy-y-trimethylammonium butyrate) such as: 
(i) The oxidation of fatty acids in tissues by serving 
as a carrier of ‘activated’ fatty acids across the 
mitochondrial inner membrane to the site of 
/3-oxidation [ 11; 
(ii) A ‘buffer’ for acetyl-coenzyme A in spermatozoa 
by forming acetyl carnitine and coenzyme A, via 
acetyl-CoA:carnitine O-acetyl-transferase 
(EC 2.3.1.7) (CAT) [2]; 
(iii) A factor in branched chain amino acid oxidation 
in skeletal muscle for removal as branched chain 
acyl-CoA esters out of mitochondria to other 
tissues for further oxidation [3]. 
The high activity of carnitine transacetylase in 
mitochondria from various tissues is highly correlated 
with the necessity of carnitine esters for fatty acid 
oxidation [4]. This enzyme is absent in both the bee 
and fly species which utilize only carbohydrates and 
highly active in the locust which utilizes fatty acids 
during flight [5,6]. However, in the blowfly flight 
muscle, which is rich in carnitine but deficient in fatty 
acid oxidase, carnitine is used in the metabolism of 
pyruvate especially during transition from rest to rapid 
contraction [ 71. 
Exercise increases pyruvate generation by stimulat- 
ing glucose transport into the mammalian muscle cell 
as well as by enhancing glycogenolysis and glycolysis, 
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however, this does not by itself account for the large 
increase in pyruvate oxidation [8]. Many physiological 
modulators of pyruvate dehydrogenase (EC 1.2.4.1) 
(PDH) which affect the transition from PDHb (inactive) 
to PDH, (active) and which may affect the activity of 
PDH, per se have been elucidated [9-l 51. However the 
role of CAT and changes in acetyl carnitine/acetyl-CoA 
ratios and their possible function in control of pyruvate 
dehydrogenase in exercising skeletal muscle has not 
been postulated. 
Here we demonstrate that high-intensity short- 
duration exercise in rats significantly increases the 
proportion of acetyl carnitine relative to total acyl 
carnitines while significantly lowering acetyl-CoA. 
These data indicate that in the transition from rest to 
rapid contraction the mammalian skeletal muscle uti- 
lizes carnitine to activate PDH via CAT by decreasing 
the ratio of acetyl-CoA to CoA. 
2. Materials and methods 
Rats (Sprague-Dawley strain, 140-160 g, males) 
were fed Purina rat chow, ad libitum, for several days 
prior to the experiment. Rats (untrained) were 
assigned randomly to two experimental groups: 
(i) Control or resting - which were decapitated 
immediately upon removal from the cage, and 
(ii) High-intensity short-duration exercise - which 
were decapitated immediately following 5 min 
sustained swimming. 
Blood was collected and tissues immediately 
removed and pulverized between plates pre-cooled 
with liquid nitrogen. Samples of tissues were stored 
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in liquid nitrogen until assayed. All extracts were 
prepared as in [16]. Free and total carnitine [17], 
acetyl carmtine and acetyl-CoA [ 181 were assayed. 
All chemicals and enzymes were of the highest purity 
commercially available. 
3. Results and discussion 
The effect of high-intensity short-duration exercise 
by the rat on carnitine and acetyl-CoA is shown in 
table 1. There were no significant (P > 0.05) changes 
in total or free carnitine concentrations in blood 
plasma, heart, liver, kidney, and hind limb skeletal 
muscle of rats which were exercised for 5 min when 
compared to non-exercised controls. Acyl carnitine 
concentrations were not significantly affected by exer- 
cise, however, the acetyl carnitine fraction of the acyl 
carnitines increased 2-fold (P < 0.001) in hind limb 
skeletal muscle upon completion of 5 min high-inten- 
sity short-duration exercise with a significant (P< 0.01) 
decline in acetyl-CoA concentration. The acetyl 
carnitine/acetyl-CoA ratio increases from 2.6 at rest 
to 15.6 after 5 min high-intensity short-duration 
swimming. Increases in the concentration of acetyl 
carnitine in electrically stimulated contracting frog 
[ 191 and rat [20] hind limb skeletal muscle have been 
reported. 
A decrease in the ATP/ADP ratio in perfused exer- 
cising rat skeletal muscle has been reported [ 131, 
however, data from liver [21,22] suggest hat this 
decrease cannot account for the increased activity of 
pyruvate dehydrogenase. Unless changes within the 
muscle mitochondria are not reflected by total muscle 
tissue metabolite concentrations (pyruvate, lactate, 
citrate, ATP/ADP, creatine phosphate), these effecters 
may not be important physiological modulators of 
PDH, during exercise [ 131. During muscular contrac- 
tion there is an increase in reduced cytoplasmic pyri- 
dine nucleotides which reflects the mitochondrial 
redox state [ 131 as has been observed in liver [23]. In 
[ 131 an initial 1 l-fold increase in [lactate] at 2 min 
exercise was observed (in vivo perfusion) with a sub- 
sequent decline to only a 4-fold increase above resting 
concentrations after 15 min exercise. Our data from 
swimming rats demonstrating increasedacetyl carnitine 
and decreased acetyl-CoA would suggest hat this 
observation [ 131 could be accounted for by an 
increased flux of pyruvate through the citric acid cycle. 
Long-chain acyl carnitine derivatives (palmitoyl, 
octanoyl) at PM levels have been shown to cause a 
significant reduction in pyruvate oxidation in rabbit 
heart mitochondria whereas it required mM levels of 
acetyl carnitine to elicit a slight inhibition [24]. 
Acetyl-CoA/CoASH ratios were elevated g-fold with 
acetyl carnitine (4 mM), 2-fold with octanoyl carnitine 
(0.4 mM), and unchanged with palmitoyl carnitine 
(0.4 mM) as substrates whereas NADH/NAD+ ratios 
were increased 8-fold, >4-fold, and >2-fold, respec- 
tively . Calculation of [NADH/NAD+]/ [acetyl-CoA/ 
CoASH] couples using the data in [24] yields the fol- 
lowing: no substrate, 5.5; acetyl carnitine, 5.2; 
octanoyl carnitine, 9.4; palmitoyl carnitine, 15.5. 
Thus the failure of acetyl carnitine to elicit more than 
a slight inhibition of PDH would be expected. Long- 
chain acyl-CoA has also been reported to inhibit CAT 
[25]. 
The ability of CAT to reduce the [acetyl-CoA] 
by forming acetyl carnitine and free CoA would lower 
the acetyl-CoA/CoASH ratio. Furthermore, the inhi- 
bition of cY-ketoglutarate oxidation in the presence of 
pyruvate is relieved by carnitine [26]. These sequen- 
tial events would favor the conversion of PDH, into 
PDH, resulting in accelerated pyruvate oxidation and 
ATP production for muscular contraction [7] during 
high-intensity short-duration exercise. It was proposed 
[27] that carnitine could act as an acceptor for acetyl- 
CoA generated by thepyruvate dehydrogenase complex 
in rat and human skeletal muscle mitochondria. How- 
ever, the relative success of carnitine in this role would 
ultimately depend upon the activity of CAT. The pos- 
sible physiological and/or hormonal regulation of CAT, 
a key enzyme postulated to control pyruvate dehydro- 
genase activity indirectly, remains to be elucidated. 
Acknowledgement 
This work was supported in part by grant AMlO, 
334 from the National Institutes of Health. 
References 
[l] Fritz, I. B. and Marquis, N. R. (1965) Proc. Natl. Acad. 
Sci. USA 54,1226-l 233. 
[2] Casillas, E. R. and Erickson, B. J. (1975) Biol. Reprod. 
12,275-283. 
[3] Van Hinsbergh, V. W. M., Veerkamp, J. H. and Glatz, 
J. F. C. (1979) Biohem. J. 182,353-360. 
23 
Volume 126, number 1 FESS LETTERS April 1981 
[4] Beenakkers, A. M. T. and Klingenberg, M. (1964) 
Biochirn. Biophys. Acta 84,205-207. 
f.53 ~~~~eswort~,V. B (1949) I. Exp. Biol. 26, I%&-163. 
[6] Sacktor, B. (195.5) J. Biophys. Biochem. Cytol. 1, 
29-46. 
[7] Chiidress, C. C., Sacktor, B. and Traynor, D. R. (1966) 
J. Biol. Chem. 242, 754-760. 
[8] Corsi, A., Zatti, M., Midrio, M. and Granata, A. L. 
(1970) FEBS Lett. 11,65--68. 
191 G&and, P, B. and Randfe, P. J. (1964) Biochem J. 96, 
6C-7c. 
[lo] Linn, T. C., Petit& F. H. and Reed, L. J_ (1969) Proc. 
Natl. Acad. Sci. USA 62, 234-241. 
[ 111 Linn, T. C., Petitt, F. H. and Reed, L. J. (1969) Proc. 
Natl. Acad. Sci. USA 64, 227-234. 
[I21 Taylor,W. M. and Halperln, M. L. (1973) J. Bioi. Chem. 
248,6080-6083. 
1131 Hagg, S. A., Taylor, S. f. and R~derman, N. B. (1976) 
Biochem. J. 158, 203-210. 
[14] Henning, G., Loffier, G, and Wieland, 0. H. (X975) 
FEBS Lett. 59, 142-145. 
[ 151 Olson, M. S., Dennis, S. C,, Rout& C. A. and Debuysere, 
M. S. (1978) Arch. Biochem. Biophys. 187, 121-131. 
ft6] Carter, A. t. and Frenkef, R. A. (1978) J. Nutr. 108, 
1748-l 754. 
[17] Carter, A. L. and Stratman, F. W. (1980) FEBS Lett. 
311,112-114, 
f lS] Pearson, D. J., Tub%, P. K. and Chase, J. F. A. (1974) 
in: Methods of Enzymatic Analysis ~~ergme~er, H. ed) 
vof. 4, pp_ 1764-l 767, Chemie-Verlag, Weinheim. 
[ 191 Alkonyi, I., Kerner, J. and Sandor, A. (1975) FEBS 
Lett. 52, 265-268. 
[ 201 Kerner, J. and Sandor, A. (1978) Acta Physiol. Acad. 
Scient. Hung. 52, 284. 
f21] TayIor, S. f., Mukherjee, C. and Jungas, R. L. (197.5) J. 
Biol. Chem. 2482028-2035. 
[22] Siess, E. A. and Wieland, 0. H. (1975) FEBS Lett. 52, 
226-230. 
[ 23 J Krebs, H. A. and Veech, R. L. (1969) in: The Energy 
Level and Metabolic Control in Mitochondria (Papa, S. 
et at. eds) pp. 329-382, Adriatica Editrice, Bari. 
]24] Olson, M. S., Dennis, S. C., Routh, C. A. and Debuysere, 
M. S. (1978) Arch. B&hem. Biophys. 187,121-131. 
[25] Chase, J. F. A. (1967) Biochem. 3,104,510-518. 
1261 Hiilsmann, W. C., Siliprandi, D., Ciman, M. and 
Siliprandi, N. (1964) Biochim. Biophys. Acta 93, 
166-168. 
[ 271 Bookelman, FL, TrijbeJs, 3. M. F., Sengers, R. C. A., 
Janssen, A. J. M., Veerkamp, J. H. and Stadhauders, 
A. M. (1978) Biochem. Med. 20,395--403. 
24 
